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Abstract

[ Objectives ] To determine the aerobic plate count (APC) in the milk samples, evaluate the uncertainty of the test results, and to

provide a scientific basis for the quality control of the testing process. [ Methods] In compliance with the national food safety standard Food
Microbiological Examination Aerobic Plate Count (GB 4789.2 —2016), the aerobic plate count in the milk samples was detected. The source

of the uncertainty of the test result was analyzed and a mathematical model was established in accordance with Evaluation and Expression of Un-

certainty in Measurement (JJF 1059.1 —2012). Then, the introduced uncertainty components were evaluated to determine the uncertainty of

the final combined aerobic plate count. [ Results ] The expanded uncertainty of the test result of the aerobic plate count in the milk samples
was 0.043 4, and the logarithmic value interval of the results was (3.924, 4.010), and the antilogarithm was taken to get the aerobic plate
count in the sample to be 8 395 —10 233 CFU/mL. [ Conclusions] This method can effectively evaluate the uncertainty of the aerobic plate

count, and ensure the accurate and scientific laboratory test data.
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1 Introduction
In recent years, food safety issue is attracting wider and wi-
der attention. The aerobic plate count (APC) is an important in-

dicator for evaluating food hygiene'' ™',

The aerobic plate count
can directly reflect the condition of food hygiene and provide data
support for the hygiene evaluation. At present, the aerobic plate
count is always determined in accordance with the national food
safety standard Food Microbiological Examination: Aerobic Plate
Count (GB 4789.2 -2016). Although the test steps are not com-
plicated, the accuracy of the test results is affected by many fac-
tors such as sample uniformity, instrument accuracy, sample prep-
aration, dilution process, culture conditions, colony count, and
experimental environment. These factors alone or in combination
may cause certain errors in the test results. Therefore, it is neces-
sary to analyze and evaluate the uncertainty induced by these fac-
tors to further reduce the impact of errors.

Uncertainty is an evaluation that characterizes the range of

the true value of the measured value >

It gives the range of
values within which the true value is asserted to lie according to a
certain confidence probability. It can make the test data more ob-
jective and scientific, especially when the test result of the tested
sample is close to the limit value. In order to ensure that the test
results are more objective and accurate, it is particularly important

and necessary to carry out uncertainty analysis and evaluation.
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This is of great significance for providing accurate data and issuing
compliance judgments based on this data.

Both Guidance on the Application of Testing and Calibration
Laboratory Competence Accreditation Criteria in the Field of Micro-
biological Testing ( CNAS-CLO1-A001)'®" and Requirements for
Measurement Uncertainty (CNAS-CLO7)" set forth clear require-
ments for the uncertainty evaluation of microbial test results: the
microbiological testing laboratory should take into account the vari-
ous main uncertainty components in the test, and have the ability
to evaluate the uncertainty of each quantified measurement result;
in some cases, considering the importance of the test results, it is
necessary to list the main uncertainty components and make a rea-
sonable assessment. Therefore, the testing laboratory that has pas-
sed the accreditation must strictly implement the analysis and eval-
uation of the uncertainty of the microbiological measurement
results.

In compliance with the national food safety standard Food Mi-
crobiological Examination; Aerobic Plate Count ( GB 4789. 2-
2016) "', we measured the aerobic plate count in the milk sam-
ples. In accordance with Evaluation and Expression of Uncertainty
in Measurement (JJF 1059.1 —=2012)™ | we analyzed the source
of the uncertainty of the test result and established a mathematical
model. Then, we evaluated the introduced uncertainty components
to determine the uncertainty of the final combined aerobic plate

[9-12]

count , to further improve the accuracy and reliability of labo-

ratory test data.

2 Materials and methods

2.1 Materials and reagents The milk samples were purchased
from the market; plate counting agar (PCA) and sterile saline
were purchased from Beijing Land Bridge Technology Co. , Lid.
2.2 Instruments and equipment ML1602 electronic analyti-
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cal balance ( Mettler-Toledo Instruments Co., Ltd., Switzer-
land) ; 0400/001/EU sterile homogenizer ( Seward limited, UK) ;
BPX-162 electric heating thermostat incubator ( Shanghai Boxun
Industry & Commerce Co., Ltd., China); GI54DW autoclave
(Zealway Instrument Inc. (Xiamen), China) ; 88880018 vortex
oscillator (Thermo Fisher Scientific Corporation, USA) ; SW-CJ-
2F vertical flow clean bench (Suzhou Antai AirTech Co. , Litd. ,
China).

2.3 Methods

2.3.1 Measurement of the aerobic plate count. We prepared and
measured milk samples in accordance with with the national food
safety standard Food Microbiological Examination: Aerobic Plate
Count (GB 4789.2-2016) : aseptically measured 25 mL milk sam-
ple and put into a sterile homogenization bag, added 225 mL ster-
ile normal saline, and slapped with a slap type homogenizer for
1 min to prepare a 1: 10 uniform sample solution; selected 2 to 3
serial dilutions according to the estimation of the contamination de-
gree of the sample. For each dilution, pipetted 1 mL of the diluted
sample solution to inoculate 2 plates, with sterile saline as a blank
control. Poured 15 =20 mL of PCA medium at about 46 °C into
each plate. After the medium was solidified, turned the plate over
and placed at (36 £1) °C for (48 £2) h, calculated the aerobic
plate count on each plate and reported the result.

2.3.2 Evaluation of uncertainty. In accordance with the specifi-
cations of Fvaluation and Expression of Uncertainty in Measurement
(JJF 1059.12012) "™ | we analyzed and evaluated the uncertainty
components generated during the determination process, and final-

ly evaluated the uncertainty of the aerobic plate count.

3 Results and analysis
3.1 Establishment of the mathematical model
caleulation formula of the aerobic plate count in the national food

Based on the

safety standard Food Microbiological Examination: Aerobic Plate
Count (GB 4789.2-2016)"" | we established the following mathe-
matical model, selected plates with 30 =300 CFU colonies for
counting, and determined the aerobic plate count, as shown in for-
mula (1).

Y=nN/V (1)
where Y denotes the aerobic plate count in a single determination/
(CFU/mL), n is the dilution factor of the sample, N is the num-
ber of colonies in 1 mL sample diluent (CFU) , V is the volume of
the sample diluent (mlL).

3.2 Analysis of uncertainty sources Although the steps of the
determination of the aerobic plate count are not complicated, many
factors may influence the results of the determination of the aerobic
plate count, such as the accuracy of sample weighing, culture
conditions, homogenization time, sample uniformity, multiple di-
lution, colony count, and repeated measurement, etc'® ™ In
this study, we mainly analyzed and evaluated the uncertainty from
sample weighing, dilution process, sample volume, and repeated
measurement. This experiment was performed by the same experi-

menter in strict accordance with the national standard method to

complete the detection of a single milk sample, therefore the influ-
ence of factors such as homogenization, culture and environment
on the uncertainty of the aerobic plate count was unified into the
repeatability determination for analysis and evaluation.

3.3 Evaluation of uncertainty components

3.3.1 Uncertainty introduced by sample weighing. In the
process of sample preparation, using a graduated cylinder, we
aseptically measured 25 mL of milk sample and put into a sterile
homogenization bag. In accordance with provisions of Working
Glass Container (JJG 1962006 )'"7 | the absolute value of the ca-
pacity tolerance of the 25 mL graduated cylinder was 0. 25 mlL,
considering the triangular distribution, the coverage factor K =6 ,
then we calculated the standard uncertainty and the corresponding
relative standard uncertainty introduced when weighing the 25 mL

milk sample according to formula (2) and formula (3).

0.25
u(Vy) =22 =0.102 2
(Vs) % (2)

u,{,l(V\,):%ZO.OO4O8 (3)
where u (V) denotes the standard uncertainty introduced when
weighing the 25 mL milk sample, and u,, (V) is the correspond-
ing relative standard uncertainty.

3.3.2 Uncertainty
Through adding 225 mlL sterile normal saline to the 25 mlL milk

sample weighed above, we obtained a 1:10 dilution sample solu-

introduced during sample preparation.

tion. In accordance with provisions of Working Glass Container
(JIG 196-2006) ") | the absolute value of the capacity tolerance
of the 250 mL graduated cylinder was 1.0 mL, considering the tri-

angular distribution, the coverage factor K =6 , then we calculat-
ed the standard uncertainty and the corresponding relative standard
uncertainty introduced when weighing 225 mL of sterile normal sa-
line using a 250 mL graduated cylinder to prepare a 1:10 dilution

sample solution according to formula (4) and formula (5).

1.0
u(Vy) === =0.408 (4)
F ﬁ
wy (Vi) =0.242‘28=0.001 81 (5)

where u(V,) denotes the standard uncertainty introduced when
weighing 225 mL of sterile normal saline using a 250 mL graduated
cylinder to prepare a 1:10 dilution sample solution, and u,, (V)
is the corresponding relative uncertainty.

3.3.3 Uncertainty introduced by stepwise dilution. Diluted the
milk sample stepwise to 1:100 and 1:1 000. In the process of di-
lution, used a graduated pipette to pipette 1 and 9 mL of the dilu-
ent, respectively. In accordance with provisions of Working Glass
Container (JJG 196-2006) %) | the absolute value of the capacity
tolerance of the 1 ml graduated pipette ( Grade A) was 0.008
mL, and the absolute value of the capacity tolerance of the 10 mL
graduated pipette (Grade A) was 0.05 ml, considering the trian-
gular distribution, the coverage factor K =./6 , then we calculated
the standard uncertainty u ( V), ) and the corresponding relative

standard uncertainty u,, (V,, ) introduced by the 1 ml graduated



Yunxia WANG et al. Evaluation on Uncertainty of Detection Results of Aerobic Plate Count 61

pipette (Grade A) during the stepwise dilution of the sample ac-
cording to formula (6) and formula (7).

w(V,) J%_o.om 27 (6)
w,(V,) :0'00#:0.003 27 (7)

We calculated the standard uncertainty u(V,,,) and the cor-
responding relative standard uncertainty urel (V,,,) introduced by
the 10 mL graduated pipette (Grade A) during the stepwise dilu-

tion of the sample according to formula (8) and formula (9).

0.05
u(y,) =——=0.020 4 (8)
V,10 /6
g (Vo) = 29204 _0 002 27 (9)

From the results of colony count, it can be seen that the aero-
bic plate count on the 1:1 000 dilution plate of the milk sample
did not meet the count range, while the aerobic plate count on the
1:10 and 1:100 dilution plate met the count range and could be
used for calculation of the aerobic plate count. We calculated the
relative standard uncertainty u,, (N) introduced during the step-
wise dilution of the milk sample at 1: 10 times and 1: 100 times ac-

cording to formula (10).

u,y (N) = «/ufez( Vo) +un, (Vi) +uny (Vi) +uny (Vi)
_/70.102\* 70408 2 2
_\/( = ) +( s ) (0.003 27)? + (0.002 27)
=0.005 98 (10)
3.3.4 Uncertainty introduced by sample volume. We selected an

appropriate dilution, separately pipetted 1 mL of the diluted
sample solution to inoculate 2 plates, and the sample volume
would be 1 mL. The uncertainty mainly came from the maximum
allowable error of the graduated pipette. In accordance with provi-
sions of Working Glass Container (JJG 196-2006) (5] the absolute

value of the capacity tolerance of the 1 mL graduated pipette was

Table 1 Results of aerobic plate count

0.008 mL, considering the triangular distribution, the coverage
factor K =6 , then we calculated the standard uncertainty and the
corresponding relative standard uncertainty introduced during the

sample addition according to formula (11) and formula (12).

w(v) =299 0 003 27 (11)
J6
(V) :M:0.0% 27 (12)

where (V) denotes the standard uncertainty introduced by the
1 mL graduated pipette (Grade A) during the stepwise dilution of
the sample, and u,, (V) is the corresponding relative standard un-
certainty.

3.3.5 Relative standard uncertainty for determination of the aer-
obic plate count. From the relative standard uncertainty w,,, (V)
introduced by the stepwise dilution obtained above and the relative
standard uncertainty u,, (V) of the sample volume , we obtained

the relative standard uncertainty u,, (Y) for the measurement of

rel

the aerobic plate count, which can be calculated according to for-
mula (13).
w, (Y) = /ul,(N) +u, (V) = /0.005 98 +0.003 27°
=0.006 82 (13)

where u,,(Y) denotes the relative standard uncertainty of the de-

termination of the aerobic plate count obtained from the analysis
and evaluation of the sample weighing, sample preparation
process, dilution process, and sample volume process.

3.3.6 Standard uncertainty for the sample repeated determina-
tion. We measured the aerobic plate count in the milk sample by 6
times, calculated the aerobic plate count on each dilution plate,
took the logarithm of the measured value of the aerobic plate
count , and calculated the average and standard deviation. Accord-
ing to the type A evaluation method of measurement uncertainty,
we made a statistical analysis and evaluation, and obtained the re-
peated measurement of the standard uncertainty. The results are
shown in Table 1.

Sample No. Results Logarithm of the result Logarithmjc mean Residual sum of squares
X, X lgX, lgX, lgx
1 10 600 9 800 4.0253 3.9912 4.008 3 0.000 58
2 9 600 8 500 3.9823 3.9294 3.9559 0.000 74
3 8 900 9 400 3.949 4 3.9731 3.961 3 0.000 28
4 9 200 8 600 3.963 8 3.9345 3.949 2 0.000 43
5 9 100 8 200 3.9590 3.9140 3.9370 0.001 01
6 10 400 9 300 4.017 0 3.968 5 3.990 7 0.001 18
Sum 0.004 22

Based on the data in Table 1, we used the Bessel formula to
calculate the standard deviation of the aerobic plate count in milk
samples according to formula (14).

3 (a,-a)’
S= ‘:‘n_l = /0'0%422=0.0291 (14)

where S is the standard deviation of the measured sample, a; de-

notes the logarithmic value of the counting result, a is the logarith-

mic mean of the counting result, n is the number of parallel sam-
ples.

In this experiment, the number of parallel detection was 2
times, so when calculated according to the following formula, we
obtained the standard uncertainty u (R) introduced by repeated

measurement of the samples, using the formula (15).

u(R) :0'0291:0.0206 (15)
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3.4 Combined standard uncertainty Comprehensively con-
sidering calculation results of the above uncertainty components,
we could obtain the combined standard uncertainty u, (Y, ) for the
determination of the aerobic plate count in the milk samples ac-
cording to formula (16).

w (Yy) = v uil(Y) +u2(R)
0.006 82° +0.020 6° =0.021 7 (16)
3.5 Expanded standard uncertainty

In accordance with the
requirements of Evaluation and Expression of Uncertainty in Meas-
urement ( JJF 1059. 1-2012)"! | when the inclusion probability
p=95% and K=2, we could calculate the expanded uncertainty
U according to formula (17).

U=Kxu,(Y,) =2x0.0217=0.043 4 (17)
3.6 Report of results
tion result of the aerobic plate count was 3.967. When p =95% ,

The logarithmic mean of the determina-

K =2, the expanded uncertainty U of the detection result of the
aerobic plate count in the milk samples was 0.043 4, and the log-
arithmic value interval of the results was (3.967 0 —0.043 4,
3.967 0 +0.043 4). Taking the antilog of this interval value, we
could get the aerobic plate count in the milk samples: 8 395 —
10 233 CFU/mL.

4 Discussion

4.1 Type of uncertainty The uncertainty in daily testing and
analysis laboratories are divided into two types. (i) Type A un-
certainty evaluation. This type is using statistical analysis method
to evaluate the uncertainty. It is the measurement uncertainty ob-
tained by repeating the measurement several times, then calculat-

[16-17

ing the average value and standard deviation ! Type A evalu-
ation is carried out on the basis of repeatability measurement, tak-
ing account of the role of each influence, so it is more realistic,
objective and convincing. (ii) Type B uncertainty evaluation. In
actual measurement, it is impossible or unnecessary to perform
multiple repeated measurements. The uncertainty can only be
evaluated by non-statistical analysis methods, called Type B eval-
uation. It is approximated based on experimental information, rel-
evant experience or other information. Generally, it is necessary
to first estimate the range of possible values to be measured, as-
sume the probability distribution of the measured value, and then
calculate the uncertainty based on the possible distribution of this
range.

4.2 Sources of uncertainty Sources of the uncertainty of mi-
crobial determination results are very complicated. There are many
influencing factors. It is necessary to focus on the consideration

and analysis of the process and experimental environment of
18 -20]

the detection experiment , such as the sample to be tested,
the equipment used, the experimental environment, and the oper-
ation personnel and testing methods, etc. It is necessary to deter-
mine the main and key sources of uncertainty after analysis one by
one, and then calculate and evaluate these main uncertainty
components.

4.3 Evaluation of uncertainty In the process of evaluating
the uncertainty of the measurement results, it is necessary to first

determine the measured and measurement method, and then estab-

lish a mathematical model to analyze the functional relationship
between the measured and each input™™*'; consider and analyze
the sources of uncertainty in accordance with the various factors
described in Section 3.2; evaluate the uncertainty of type A and
type B in accordance with Section 3.1; form the combined stand-
ard uncertainty by calculating each uncertainty component; then
calculate the expanded uncertainty based on the measured proba-
bility distribution, confidence level and coverage factor ™ ™ ; fi-
nally report the uncertainty of the measurement result. Now, it
completes the evaluation of the uncertainty of the measurement

result.

5 Conclusions

In the process of determination of the aerobic plate count and
data statistics, it is first required to be as comprehensive as possi-
ble and fully consider the impact of various factors on the determi-

nation results'?’ ~*

. It is necessary to focus on the analysis of the
uncertainty introduced by factors such as weighing, sample addi-
tion, dilution, counting, and repeated determination, and calcu-
late the uncertainty introduced by each uncertainty component
based on the mathematical model. Besides, the data of the aerobic
plate count detection result is divergent and does not conform to
the normal distribution, it is not suitable for direct calculation of
its standard deviation, thus it is necessary to take the logarithm
before performing statistical analysis of the data. It is feasible to
use the Bessel formula to calculate the standard uncertainty, and
finally form the combined uncertainty of the aerobic plate count,
in order to further reduce the errors introduced by various factors,
and make the detection result closer to the true value. Using the
uncertainty analysis and evaluation method can effectively ensure
the accuracy, reliability, objectivity and scientificity of the detec-
tion data, and it is expected to provide strong support for the actu-
al detection work of the microbiology laboratory.
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ral frozen soil resources have naturally formed many types of wet-
lands such as swamps and lakes, which are rich in wetland re-
sources. The contour lines in the region are separated by 500 m.
The contour lines are dense in the eastern and central southern ar-
eas, and the contour lines in other areas are sparse. The denser
the contour lines, the more rugged the terrain, the greater the un-
dulation, and the more obvious the heterogeneity.

4 Conclusions

Sanjiangyuan is located in the hinterland of Qinghai — Tibet
Plateau, the roof of the world, and the terrain is mainly mountain-
ous plateau. In the east and central south of the region, the ter-
rain heterogeneity, relief degree, elevation standard deviation and
surface roughness are large. In the middle and west of the region,
the terrain heterogeneity, relief degree and natural conditions are
small. The western part of the region has the worst ecological en-
vironment and is also the most vulnerable region.
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